Flourensia (Asteraceae, Heliantheae, Enceliinae) is an amphitropical genus of resinous subshrubs, shrubs, and small trees with 13 North American, and 20 South American species where disagreement on the species limits of some of its members still exists. To resolve the taxonomic limits among the South American taxa, we carried out a combination of clustering (based on Ward´s method with Gower distance coefficient) and ordination
Introduction
The genus Flourensia DC. (Asteraceae, Heliantheae, Enceliinae) consists of 33 species, all resinous subshrubs, shrubs or small trees occurring in arid to semi-arid regions of North and South America. The genus has an amphitropical disjunct distribution with 13 taxa restricted to north-central Mexico and southwestern United States, and 20 species associated with the Andean Cordillera in Peru, Bolivia, Chile, and Argentina (Blake 1921 , Dillon 1976 , 1984 , 1986 , Cabrera 1978 , Ariza Espinar 2000 , Hind 2011 , Beck and Ibáñez 2014 , Ariza Espinar and Ospina 2015 . As a member of the tribe Heliantheae, Flourensia possess sunflowers with mostly radiate capitula, paleaceous receptacles, opposite leaves, yellow corollas (Stuessy 1977 , Cabrera 1978 , Robinson 1981 , Panero 2007 , and a base chromosome number of x = 18 (Dillon 1984) . It is distinguished from the other genera of the subtribe Enceliinae by a combination of characters i.e. shrubs or small trees with resinous or glutinose leaves, disc corollas yellow, and cypselae biconvex with sparsely to densely pubescent faces (Panero 2007 ).
The Flourensia species have been grouped primarily by the comparison of exomorphologic features, but the efforts to establish species relationships within the genus have been frustrated by the parallel development of various character in both North and South American taxa (Dillon 1984) . South American species are distributed from northern Peru to southern Argentina with the highest diversity found in the region between the 
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'This article is protected by copyright. All rights reserved. ' variation, probably including large phenotype plasticity, a broad distribution area and the ecological amplitude of genus Flourensia in South America (ranging from lowland habitats in the arid inter-Andean valleys to highland habitats in the Andes), have been the main factors hampering a sound intraspecific concept to date (Dillon 1984) . A critical quantitative evaluation of the traditional species concepts, and of the species variation across a large geographic area is still missing.
The purpose of this study is to examine the current circumscription of the South American Flourensia taxa to define which species should be recognized based on morphological characters, using statistical as well as diagnostic character analyses for delimiting the species.
Materials and methods
This study is based on herbarium collections from BAA, CORD, LIL, LP, MERL, SI, and digital images from B, BM, CORD, F, G, GH, GOET, HUT, K, LIL, LP, MO, NY, P, S, SI, TEX, UPS, US, and USM available on JSTOR (www.jstor.org). We also conducted fieldwork across the Argentinean portion of the ranges of eight Flourensia species (F. blakeana, F. campestris, F. hirta, F. niederleinii, F. suffrutescens, F. oolepis, F. polyclada and F. riparia) All specimens chosen for the statistical analyses are marked with an asterisk (*) under taxonomic treatment (see below).
Geo-mapping
The herbarium specimens that were included in the morphological analyses were mapped onto a contour map of South America using DIVA GIS v5.2.0.2 (http://www.divegis.org). The records with ambiguous locality or with little information on the locality were not taken into account.
Morphological Data
We analysed a total of 34 characters: 10 vegetative and 24 reproductive ones (Appendix 1). All characters used to separate the South American species of Flourensia by former authors, as well as new characters that were inferred as useful during the field sampling, were included in our multivariate analyses. All specimens were studied by direct observation and by the stereoscope WILD Heerbrugg M5-26799; measurements were taken using a calibrated ocular micrometer. The leaf-blade observations were limited to the midsection of flowering branches. Three florets per capitulum at approximately the same stage of anthesis from 3-5 capitula in each specimen were dissected.
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Data Set Characteristics
A Kaiser-Meyer-Olkin (KMO) analysis was performed to determine the adequacy of the sampling of the South American Flourensia species. Pearson and Spearman correlation coefficients among all characters of the data set were computed in order to reveal highly correlated characters that may potentially distort the multivariate analyses (Michener and Sokal 1957, Conover 1999) . The final data matrix does not contain missing data and it was standardized as follow: (1) subtracting the mean of each variable and dividing by the standard derivation for quantitative characters, and (2) semi-quantitative characters were log-transformed. Homogeneity of the data was tested with Bartlett's test. All statistical analyses were carried out using the software NTSYS-pc Ver. 2.21c. (Rohlf 2009 ).
Multivariate Analyses
We used a combination of clustering and ordination statistical analyses: the (1) cluster analysis employed Ward's method (minimization of the increase of the error sum of squares) with the Gower distance coefficient (Gower 1971) , and the (2) principal coordinate analyses (PCoA) were performed to find the phenetic relationships among the specimens in an ordination space (see Marhold 2011, Kapplan and Marhold 2012) . The cophenetic correlation coefficient (r) was estimated to measure the distortion between the original matrix and the phenogram (Sneath and Sokal 1973 , Sebola and Balkwill 2009 , Escobar et al. 2011 , Ospina et al. 2016 . All analyses were carried out using the software NTSYS-pc Ver. 2.21c. (Rohlf 2009 ).
Concepts of species delimitation
Accepted Ar ticle 'This article is protected by copyright. All rights reserved. ' To delimit the species treated here we have followed a conservative and widely accepted morphological species concept. According to this concept, continuous variation of characters is allowed within the species, while discontinuous variation in more than one character define distinct species (e.g. Davies and Heywood 1967) .
Results
The study of data set characteristics revealed that the correlation coefficients among the 34 characters did not exceed 0.85 for any character pair, and thus all of the measured characters were retained for further analyses. The value of the KMO analysis performed for the variation of 20 previously accepted South American species of Flourensia was 0.79, indicating an adequate plant sampling and enabled us to perform multivariate analyses. Our data showed a normal distribution. The Ward's cluster analysis ( Fig. 1 ) of all specimens representing the 20 South American species of Flourensia recognized by Dillon (1984) described on the basis of its oblong-lanceolate leaves with entire leaf margins, and capitula ca. 8 mm high with 5-8 ray florets. The identity of Flourensia leptopoda was based on its lanceolate to rhombic-ovate leaves with deeply and irregularly repand-dentate leaf margins and capitula ca. 8 mm high with ca. 5 ray floret. Flourensia oolepis was differentiated by its elliptic to elliptic-lanceolate leaves with entire (or few acute teeth above) leaf margins, and capitula 10-12 mm high with 12-16 ray florets. Flourensia riparia was described on the basis of its lanceolate-oblong to elliptic-oblong leaves with entire leaf margins, and capitula ca. 11 mm high with 7-10 ray florets, and F. thurifera on the basis of its oblong-lanceolate leaves with shallowly repand-dentate leaf margins, and capitula 10-15 mm high with ca. same subclusters) and similar relationships were maintained between the subclusters. The only observed differences concerned the positions of some of the species within subclusters, presumably because the distance measures and clustering methods implemented in our two analyses differ in their algorithmic properties.
The PCoA (Fig. 2 ) recovered 11 clearly discriminated groups when two principal coordinates were plotted. The two groups are in agreement with our cluster results (Fig.1 ).
The first three coordinates accounted for 71.9% of the total variance (35.5%, 24.9%, and 11.5%, respectively; Table 1 ). Finally, the co-phenetic correlation is high (r= 0.91), indicating a good fit between the Euclidean distance between all specimens in the two dimensional plot and the distance in the original multidimensional space.
The morphological analysis testing species delimitation, based on the 34 characters retained in our analyses (Appendix 1), show that the variables that contribute most to the PCoA are the plant height (PT), abaxial leaf-blade surface (LBAB), petiole length (PL), adaxial paleae surface (PAD), abaxial paleae surface (PAB), and pappus squamae (PSQ); in the PCo2 the contributing characters include, involucre length (IL), involucre diameter (ID), inner phyllaries length (PIL), inner phyllaries width (PIW), ray floret number (RFN), and the ligules venation number (LVN); in the PCo3 analysis the contributing characters include leaf-blade length (LBL) and leaf-blade adaxial surface (LBAD) (Fig. 3 Therefore, in agreement with our results Flourensia consist of 12 South America species (Fig. 4) , and the corresponding synonyms for the four newly circumscribed species are indicated. 
Distribution and habitat
Mountains of north-western Argentina (Catamarca, Jujuy, La Rioja, Salta, and Tucumán) and southern Bolivia (Potosi). It has been found growing in rocky and sandy soils between (1,200)1,500 and 4,000 m (Fig. 4) .
Vernacular name
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Taxonomic Notes
Flourensia blakeana (west-central Argentina, 1500-3000 m) was distinguished from F. hirta (also known from west-central Argentina, 1500-2700 m) and F. fiebrigii (southern Bolivia to north-western Argentina, 2500-4000 m) by its glabrous phyllaries (vs. strigillose to hirsutulose or glabrescent in F. hirta, and F. fiebrigii) and leaves less than 3.5 cm long (vs. leaves mostly greater than 3.5 cm long in F. hirta, and F. fiebrigii). Additionally, 
Distribution and habitat
Endemic to mountains of north-western Argentina (Jujuy, La Rioja, and Salta). It has been found growing on rocky slopes between 2,500 and 3,500 m (Fig. 4) . Dillon (1984) considered Flourensia polycladaas a dubious species, probably a synonym of (lectotype-fragment: GH 00008167!, designated by Dillon (1984 p. 48) . Flourensia grindelioides S. Moore (1926, p. 192 Dillon (1984 p. 62) .
Taxonomic Notes
Description
Shrubs to 3 m tall; stems erect or ascending, reddish brown, puberulent to glabrous. Leaves ovate, ovate-rhombic, ovate-elliptic to ovate-lanceolate or lanceolate, 314 × 1.25 cm, upper and lower surfaces strigillose to glabrous, base attenuate to cuneate, apex acute to acuminate, margins deeply and irregulary dentate with 410 pairs of triangular, mucronate teeth to shallowly repand-dentate with 46 teeth apically or entire; petioles 213 mm long.
Capitula (1) 2-3 to arranged in leafy cymose or cymose-paniculate inflorescences, 5-15-headed; peduncles 0.86(13) cm long, bracteate. Involucre cylindric-campanulate, campanulate or hemispheric, 315 × 425; phyllaries 2-seriate, subequal, ovate to ovatelanceolate or lanceolate, 46(17) × 14 mm, apex acute to acuminate, herbaceous, sparsely to densely villous. Paleae oblanceolate, 610 mm long, apex obtuse to rounded, dorsally puberulent. Ray florets 516, ligules oval to oblong-oval or oblong, 730 × 310 mm, tube 25 mm long, glabrous to sericeous or villosulose. Disc florets 1550, corollas tubulose, 56.5 mm long, tube 0.52 mm long, lobes 0.50.8 mm long, puberulent. Achenes obconical, 59 mm long, densely sericeous, sometimes margins sericeous and faces glabrescent to papillose. Pappus of 2 (rarely 3 or 4) awns, 35 mm long, persistent.
Distribution and habitat
Endemic to mountains of central-north-western Argentina (Catamarca, Córdoba, Jujuy, La Rioja, Salta, San Juan, San Luis, Santiago del Estero, and Tucumán) and Central Chile Accepted Ar ticle 'This article is protected by copyright. All rights reserved.' (Aconcagua, Coquimbo, Santiago) . It has been found growing in rocky and sandy soils between 500 and 2,500 m (Fig. 4) .
Vernacular name
Chilca (Dillon 1984) , Maravilla.
Taxonomic Notes
Flourensia campestris, F. leptopoda, F. oolepis, F. riparia, and F. thurifera were considered different taxa by several authors, e.g. Dillon (1978 Dillon ( , 1984 , Ariza Espinar (2000), and Ariza Espinar and Ospina (2015) . Delbón et al. (2007a) 
Distribution and habitat
Endemic to mountains of north-western Argentina (Catamarca, Jujuy, Salta, and Tucumán) .
It has been found growing on rocky and overgrazed slopes between 1,000 and 4000 m (Fig.   4) .
Vernacular name
Maravilla, Viscol.
Taxonomic Notes
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